N ot all phenomena of physics can be studied quantitatively in the laboratory. To provide more experience for the students, lecture demonstrations can be arranged to give numbers to be analyzed as a homework problem. This note shows how the familiar microwave standing-wave experiment can be done on the overhead projector, making it visible even to the student in the back of the lecture hall. Figure 1 shows the apparatus set up on the overhead projector. The microwave generator was from the EdSet Microwave Optics Kit -Mark 2B made by Sargent-Welch. The standing waves are set up by reflection from the metal plate, and the centimeter scale along the edge of the transparent triangle is used for locating the nodes and antinodes. The detector is a 1N23B microwave diode, which serves as both an antenna and a rectiPhilosophy course for nonscience majors on April 10, 1998. A quick graph of node and antinode positions as a function of 0, 1/2, l, 3/2, 2, ... was drawn on the blackboard to illustrate the technique of finding the wavelength from the elope of the graph. The students were then asked to draw a better graph on graph paper printed on the assignment sheet. This paper is a series of plus signs printed on a quarter-inch grid and appears frequently on assignment sheets and exams. The wavelength from Fig. 2 is 3.7 Ϯ 0.1 cm, with the error estimated using the least-square criterion.
A Note About Data Analysis
When analyzing the data, students have the usual gut feeling that the proper method is to find the distance between each pair of nodes and average them; the wavelength is twice this distance. I use the following argument to show them a better method. Measure the distances from the starting point to each of the points. Assume that there are five points, giving distances a, b, c, d, and e. Forming the four differences and dividing by four to get the average gives
The distances b, c, and d cancel out in this expression, leaving
This suggests that only the first and last distances provide useful fier. The diode is pinched between ends of two metal strips in the homemade holder. The end-on shadow cast by the diode is relatively huge, and students are surprised that good results can be obtained. However, if a student always measures to the perceived center of the shadow, remarkably precise results can be obtained. The output of the diode is monitored by a microammeter. We happen to have a projection meter made about 35 years ago for a Zeiss slide projector, and we lay this meter on the surface of the overhead projector. This has the advantage that the students can see the variation of the signal as the detector is moved from node to antinode. However, a standard microammeter could be used, with a student monitoring the readings as the detector is moved along the ruler.
The graph in Fig. 2 shows data taken in a class in my Natural
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Thomas B. Greenslade, Jr., Kenyon College, Gambier, OH 43022; greenslade@kenyon.edu information. All of the data can be used if a graph is made with a, b, c, d, and e on the vertical axis, and 1, 2, 3, 4, and 5 on the horizontal axis. The quantity X AVERAGE is thus the slope of the graph. Note that this argument works only for data taken at uniform intervals, which will produce a straight-line graph.
I have been doing this demonstration since the mid-sixties, when there was a happy juxtaposition of the overhead projector and the pioneering articles about microwave optics laboratory experiments by C.L. Andrews of SUNY-Albany. In a 1966 article, 1 Andrews shows three interferometers permanently mounted on plastic plates for use on the overhead projector, but does not discuss the standing-wave experiment. His 1964 article on "Microwave Optics" in The Physics Teacher 2 illustrates the standing-wave experiment, as well as an experiment on interference in "thin" films formed by increasing numbers of thin glass plates, which I have often used.
